octahedra of this perovskite material; which was a direct result from the A-site ionic radius mismatch.
Introduction
Solid oxide fuel cells are attracting much attention offering high conversion efficiency of chemical energy to electricity with an attractive possibility of using different types of fuel besides pure hydrogen. For example, methane can be used without reforming given the high operating temperature of SOFCs. [1] [2] [3] [4] With the drawbacks of the widely used Ni-YSZ cermet anode in SOFCs 2,5 , alternative anode materials are actively being studied. These include perovskite-based materials which offer good stability during operation and tolerance to sulphur poisoning and carbon build up. 6 Previous studies on the perovskite system La 0.2 Sr 0.7-x Ca x TiO 3
showed an increase in this compound's electrical conductivity with increased calcium substitution at anodic operational conditions; which was consistent with the decrease in the unit cell volume of this perovskite. 7 However, this trend was reversed at much higher calcium content; i.e. x > 0.45; which required further structural investigations of this system. Since it is widely understood that electronic conduction involves electrons on the titanium oxygen sublattices, it is anticipated that local distortions of the TiO 6 octahedra [8] [9] [10] can be responsible for the drop in conductivity. Due to the low scattering power of oxygen in XRD, neutron diffraction can
give a better picture due to the relatively large scattering length of oxygen ions. (Alfa Aesar 99.5%) and TiO 2 (Alfa Aesar 99.5%) were dried prior to weight and mixed using a mortar and pestle. All mixtures were calcined in air at 1000 o C for a minimum of 15 hours. This was followed by ball milling the powders in a planetary ball mill in acetone for 4 hours to ensure a uniform particle size. These were then dried and pressed into ~ 13 mm pellets using a uniaxial press. All pellets were sintered in air at 1500 o C for 15 hours. Pellets were crushed, ball milled for 4 hours and pressed, respectively, before sintering them for a second time at the same conditions. For La 0.2 Sr 0.25 Ca 0.45 TiO 3 which showed the highest electrical conductivity of this series 7 , a pellet was reduced in a tube furnace at 1050 o C for 72 hours under a constant flow rate of 5%H 2 /95%Ar gas mixture. All resulting pellets were crushed and ball milled, as above, into fine powders for neutron diffraction studies.
Experimental

Sample preparation
Neutron powder diffraction
Neutron powder diffraction patterns were collected using the D2B All patterns were analysed and refined using the Rietveld method using the software package Fullprof (version 2.05). Diffraction peaks were refined using a pseudo-Voigt function and the background was refined with a 6-parameter polynomial. The initial unit cell parameters were set using the findings obtained from previous XRD studies and the atomic positions for the different sites were set according to the space group symmetry. 24 B-site (Ti) atomic coordinates were kept fixed at the origin; while the other sites were allowed to vary. Occupancies were initially allowed to vary through the refinement process yielding insignificant variations from the initial stoichiometries, later these were kept fixed to nominal values to obtain more stable refinements. All models were refined to convergence with the best fits chosen by the agreement factors and stability of the refinement profiles.
Results and Discussion
Room Temperature Studies
All patterns were successfully refined using the Rietveld method resulting in very good fits as shown in Fig. 1 . Changes in symmetry in perovskites are manifested in changes to the tilt system of the BO 6 octahedra, which was apparent in this study. This result shows that our system distortions are less severe than the parent perovskite CaTiO 3 12 ; which can be attributed to a lower A-site ionic radius mismatch, due to the fixed stoichiometry of lanthanum throughout the range of the studied compositions. This is more apparent from the almost linear change of the anti-phase tilt angle with calcium content; indicating a more stable system and reconfirms that intermediate phases are non-existing in the compositions studied here. were studied at high temperatures with the results of Rietveld refinement listed in tables 2 and 3, respectively. respectively. These lattice parameters can be seen to discontinuously change at the Pbnm-I4/mcm transition point, where at the I4/mcmPm3 ത m transition point, the lattice parameters are changing in a continuous fashion as the samples were heated. This suggests that the first transition is a first order one while the latter can be a second order or a higher phase transition. Another aspect which was observed is that this system shows the high symmetry space group
Pm3 ത m at a much lower temperature compared to that of the parent compound CaTiO 3 , which according to Ali 
